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Table S1. Primers used in this study. The NdeI, BglII and BamHI restriction sites are shown in bold italic 
with the start codon for tlyA underlined. Florescence labeling with cyanine 3 (Cy3) or cyanine 5 (Cy5) at the 
5´-end is indicated. The mismatched nucleotide adenine (A) was introduced at the third position from 3´-end 
of the primers TM26 and TM27 to increase discrimination between different DNA templates. E. coli rRNAs 
numbering is used throughout. 
Name Sequence (5´ 3´) Purpose 
SJ39 TACCCATATGCGCCTGGACCGCTACC Cloning T. thermophilus tlyA. Forward primer 
SJ40 GGAGTAGATCTAGGGCGCCTGAGCC Cloning T. thermophilus tlyA. Reverse primer 
SJ43 CCGCATATGGCAGGAGTCGCACG Cloning S. coelicolor tlyA. Forward primer 
SJ44 CGATTCTAGATCTACGCGGCCCCTCC Cloning S. coelicolor tlyA. Reverse primer 
SJ47 CTAATACATATGCGATTAGATGAATATGTGC Cloning S. hyodysenteriae tlyA. Forward primer 
SJ51 CACATAAAATAGAAAAGGATCCAATAATAAA
ATGAGC 
Cloning S. hyodysenteriae tlyA. Reverse primer 
SJ53 GCTTGAGCATATGAAAGGGAAAAAAGAACG Cloning G. stearothermophilus tlyA. Forward primer 
SJ54 GGTAGATCTGGCGCCGTTTTCTTC Cloning G. stearothermophilus tlyA. Reverse primer 
SJ14 GGAATTTCGCTACCTTAG Primer extension. nucleotide 1925-1942, 23S rRNA 
of M. smegmatis, E. coli and T. thermophilus 
SJ15 CGGGTGTTACCGACTTTCATG Primer extension. nucleotide 1413-1433 of  M. 
smegmatis 16S rRNA  
SJ18 TCTTTTGCAACCCACTCCCATG Primer extension. nucleotide 1412-1433 of E. coli 
16S rRNA  
TM28 TCGGGATGTGCCCGCTCCCATG Primer extension. nucleotide 1412-1433 of T. 
thermophilus 16S rRNA  
SJ20 CGACAAGGAATTTCGCTACCTTAGGACCGTTA
TAGTTACGGCCGCCGTTTACCGGGGCTT 






MS analysis. nucleotide 1377-1435 of E. coli 16S 
rRNA  
TM1 CGGCATATGCGAGTTGACGCCGAGC Deletion of residues 2-5 at N-terminus of M. 
smegmatis TlyA 
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R3A substitution 5´-end M. smegmatis tlyA 
TM8 CGGCATATGGCACGGGCGGCTCGAGTTGACG
CCGAGCTGG 
R4A substitution 5´-end M. smegmatis tlyA 
TM9 CGGCATATGGCAGCGGCGGCTCGAGTTGACG
CCGAGCTGG 
R3A & R4A substitutions 5´-end M. smegmatis tlyA 
TM10 CGGCATATGGCAAAAAAAGCTCGAGTTGACG
CCGAGCTGG 
R3K & R4K substitutions 5´-end M. smegmatis tlyA 
TM17 CGGCATATGGCAAAAGCGGCTCGAGTTGACG
CCGAGCTGG 
R3K & R4A substitutions 5´-end M. smegmatis tlyA 
TM18 CGGCATATGGCAGCGAAAGCTCGAGTTGACG
CCGAGCTGG 
R3A & R4K substitutions 5´-end M. smegmatis tlyA 
SJ9 GCTCAAAGATCTTTGCGGCCCTTCCTCG Wild-type sequences. 3´-end M. smegmatis tlyA 
TM21 (Cy3)-GAGGAGAAATTACATATGGCACGG Competition growth. 5´-end M. smegmatis tlyA in 
pSJ101 and pTM106 
TM22 (Cy5)-GAGGAGAAATTACATATGGCAAAA Competition growth. 5´-end M. smegmatis tlyA in 
pTM113  
TM26 (Cy3)-GAGAAATTACATATGGCACGACG Competition growth. 5´-end M. smegmatis tlyA in 
pSJ101 
TM27 (Cy5)-GAGAAATTACATATGGCACGAGC Competition growth. 5´-end M. smegmatis tlyA in 
pTM106 
TM25 AGATTGGCGTCGACGGACACC Competition growth. 3´-end M. smegmatis tlyA in 
pSJ101, pTM106 and pTM113 
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Table S2. Plasmids used in this study. 
  
Plasmid Description  Reference 
pLJ102 pQE60-derivative (Qiagen) expression vector; Amp
r
 (Johansen et al., 
2006) 
pSJ101 M. smegmatis tlyA cloned in pLJ102; Amp
r
 (Johansen et al., 
2006) 
pSJ102 T. thermophilus tlyA cloned in pLJ102; Amp
r
 This study 
pSJ103 S. coelicolor tlyA cloned in pLJ102; Amp
r
 This study 
pSJ104 S. hyodysenteriae tlyA cloned in pLJ102; Amp
r
 This study 
pSJ105 G. stearothermophilus tlyA cloned in pLJ102; Amp
r
 This study 
pTM102 M. smegmatis tlyA with deleted residues 2-5 (ARRA) at N-terminus, 




pTM103 M. smegmatis tlyA with deleted residues 243-269 (AETDSPLEGDA-




pTM104 M. smegmatis tlyA with ARRA at N-terminus and 27 residues at C-




pTM105 M. smegmatis tlyA with R3A mutation, derivative of pSJ101; Amp
r
 This study 
pTM106 M. smegmatis tlyA with R4A mutation, derivative of pSJ101; Amp
r
 This study 
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Figure S1. Gel autoradiograms of primer extensions showing in vitro methylation at C1409 and C1920 by TlyA
 
enzymes.  
A. Methylation reactions with purified recombinant T. thermophilus TlyA
I
 on T. thermophilus 16S rRNA and 
30S subunits.  
B. Reactions with T. thermophilus TlyA
I
 on T. thermophilus 23S rRNA, 50S subunits and 70S ribosomes; M, 
rRNA methylated in vivo in wild-type T. thermophilus.  
C. Reactions with T. thermophilus TlyA
I
 on E. coli 16S rRNA and 30S subunits.  
D. Methylation reactions with purified recombinant M. smegmatis TlyA
II
 on E. coli 16S rRNA, 30S subunits and 
70S ribosomes; -SAM, control reactions without cofactor.  
E. Reactions with M. smegmatis TlyA
II
 on M. smegmatis 16S rRNA, 30S subunits and 70S ribosomes. F. 
Reactions with M. smegmatis TlyA
II
 on M. smegmatis 23S rRNA 50S subunits and 70S ribosomes. Molar ratios 
of substrate to enzyme are indicated above each gel lane; the decreasing concentrations of dGTP (indicated by 
wedges) intensify of reverse transcription pausing at 2´-O-methylated C1409 and C1920. The complete stops 
after the methylation sites result from inclusion of ddTTP or ddCTTP in the reactions. Dideoxy sequencing 




Figure S2. Gel autoradiograms of primer extension showing in vivo methylation by M. smegmatis TlyA
II
 
variants in E. coli host cells. rRNAs were isolated from the E. coli strain containing an empty pLJ102 vector (no 
tlyA), pSJ101 expressing wild-type tlyA
II
, or pTM102 through pTM114 expressing tlyA
II
 mutants. Reverse 
transcription primer extension at 16S rRNA nucleotide 1409 and 23S rRNA nucleotide 1920 are shown in the 
upper and lower panel, respectively. Reverse transcription was terminated completely at A1919 and G1405 by 






Figure S3. Nucleotide accessibilities at the interface of the E. coli ribosomal subunits.  
A: 70S ribosome. B: Subunits separated and (seen from top) the 50S has been rotated 50° clockwise in the 
vertical plane. C: 30S subunit rotated 50° counterclockwise in the vertical plane. D and E: magnified boxed 
regions containing the nucleotides (red) methylated by the TlyA
II
 enzyme. Outlined in mesh are helix 69 (panel 
D) and helix 44 (panel E). Ribosomal components: 5S and 23S rRNAs (grey), large subunit r-proteins (blue), 16S 
rRNA (yellow) and small subunit r-proteins (orange). Redrawn from the X-ray crystal structure of the E. coli 70S 
ribosome in the classical-state (Dunkle et al., 2011).  
Dunkle, J. A., Wang, L. Feldman, M. B. Pulk, A. Chen, V. B. Kapral, G. J. Noeske, J. Richardson, J. S. Blanchard, S. C. & 
Cate, J. H. (2011) Structures of the bacterial ribosome in classical and hybrid states of tRNA binding. Science 332: 981-984. 
